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Abstract —  Condition  monitoring  has  emerged  as  an 
important  technique  in  manufacturing  industries  for 
predictive  maintenance  and  on-line  monitoring  of  the 
processes  and  equipment.  Because  of  the  accessibility 
of  sensors  and  sign  handling  innovation,  actualizing 
condition  observing  frameworks  in  an  assembling 
domain  has  turned  out  to  be  simple.  In  this 
investigation,  a  straightforward  gadget  used  to  quantify 
the  sharpness  of  the  rough  particles  of  the  crushing 
wheel  is  planned  and  created  with  a  target  of 
distinguishing  the  pounding  wheel  conditions.  The 
sharpness  of  the  crushing  wheel  is  one  of  the 
significant  variables  for  accomplishing  the  required 
surface  geometry  in  the  completed  work-piece. 
Crushing  wheel  conditions  are  set  up  utilizing  the 
pounding  wheel  life  cycle  plot,  for  the  whole 
granulating  cycle.  A  test  arrangement  has  been  built  up 
to  catch  AE  flag  in  an  auto -feed  surface  granulating 
procedure  utilizing  Aluminium  Oxide  pounding  wheel. 
AE  time-area  highlights  are  extricated  utilizing  AE- 
WIN  programming.  Highlight  choice  has  been  done  by 
breaking  down  the  sign  in  the  time  area.  RMS  and 
Energy  highlights  are  found  to  have  great  connection 
with  crushing  wheel  conditions.  Factual  AI  classifiers, 
for  example,  Artificial  Neural  Network,  Fuzzy 
frameworks,  and  Neuro-Fuzzy  frameworks  are  utilized 
to  anticipate  the  crushing  wheel  conditions.  Results 
shows,  ANN  and  Fuzzy  and  Neuro-Fuzzy  frameworks 
can  foresee  the  pounding  wheel  condition  with  great 
precision. 
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signature. 

I.  INTRODUCTION 

Pounding  is  generally  delegated  a  completing 
procedure,  because  of  its  capacity  to  deliver  fine 
completes  and  exact  measurements.  Pounding  is  a 
piece  of  the  metal  cutting  procedure,  where  every 
rough  grain  goes  about  as  a  solitary  point  cutting 
device.  Granulating  can  accomplish  a  resilience  of  2.5 
pm,  which  makes  it  a  perfect  procedure  subsequent  to 
machining  to  accomplish  the  required  measurements. 
Crushing  is  significantly  ordered  into  two  kinds, 
surface  pounding  and  barrel-shaped  granulating.  In 
both  the  procedures,  a  pivoting  rough  wheel  is  utilized 


to  expel  the  materials  from  the  workpiece.  Pounding  is 
one  of  the  significant  optional  assembling  procedure 
utilized  in  assembling  ventures. 

Upon  steady  utilization,  the  pounding  wheel  winds  up 
stacked,  a  state  wherein  the  metal  being  ground  clings 
to  the  wheel,  and  the  pores  get  filled.  This  causes  a 
diminishing  in  the  material  evacuation  rate  and  an 
expansion  in  cutting  powers  and  vitality  utilization. 
This  issue  is  tended  to  by  dressing  the  crushing  wheel. 
The  dressing  is  a  sort  of  reconditioning  process  where 
the  reason  for  existing  is  to  reestablish  the  pounding 
wheel  to  its  underlying  proficiency  and  condition.  In 
Dressing  activity,  a  precious  stone  slicing  apparatus  is 
utilized  to  evacuate  the  metal  residue  that  has  stopped 
up  the  pores  between  the  rough  particles  and  in  this 
way  reestablish  the  underlying  condition  [1].  When  the 
dressing  is  done,  the  sharpness  worth  increments  and 
the  granulating  procedure  is  considerably  improved. 

1.1  Importance  of  Dressing 

They  dressing  is  a  grinding  wheel  conditioning 
operation  wljich  gxposes  the  sharp  abrasive  edges  from 
the  bond  material,  splinters  the  abrasive  grains  and 
removes  the  welded  chips  over  the  grinding  wheel 
surface.  During  the  grinding  operation,  the  dressing  of 
the  grinding  wheel  has  to  be  performed  from  time  to 
time  to  improve  the  cutting  ability  of  the  grinding 
wheel.  An  operation  called  truing  is  performed  over  the 
grinding  wheel  to  regenerate  the  cutting  geometry  on 
the  grinding  wheel.  Turing  also  ensures  concentricity 
of  the  grinding  wheel  with  respect  to  the  specific 
mounting  system.  Turing  and  dressing  operations  are 
combined  into  a  single  operation  for  conventional 
grinding  wheels.  Usually,  the  grinding  operation  is 
interrupted  for  the  dressing  option  for  improving  the 
grinding  condition  of  the  wheel.  Various  methods  used 
for  dressing  operation  include  mechanical  in-process 
dressing,  electro -contact  discharge  dressing, 
electrolytic  in-process  dressing,  and  waterjet  in-process 
dressing. 

The  rough  molecule  loses  its  volume  because  of  steady 
wear  of  its  sharp  edges.  It  is  called  as  steady  loss  wear. 
The  wear  rate  is  high  in  pounding  contrasted  with  other 
machining  activities.  The  presentation  of  the  crushing 
wheel  is  determined  to  utilize  the  parameter  called 
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granulating  proportion.  The  uniform  wear  rate  period 
can  be  distinguished  utilizing  the  trial  information  by 
plotting  volume  of  work  material  evacuated  and  the 
volume  of  granulating  wheel  wear.  The  granulating 
wheel  life  plot  is  utilized  for  discovering  diverse 
crushing  wheel  conditions,  for  example,  beginning 
wear  period,  uniform  wears  period  and  last  break-out 
wear  period.  When  the  time  of  uniform  wear  rate 
closes,  the  wheel  ought  to  be  reconditioned  before 
utilizing  it  once  more  [2].  The  reconditioning  of  the 
crushing  wheel  is  finished  by  the  dressing  procedure. 

7.2  Sensors  and  signal  processing 

In  an  automated  manufacturing  environment,  sensors 
play  a  vital  role  in  identifying  the  conditions  of  the 
machine  tool  and  processes.  Dissimilar  types  of  sensors 
such  as  cutting  forces,  vibration,  AE,  temperature, 
current  &  voltage,  etc.  are  used  for  monitoring  and 
control  of  the  machine  tools  and  processes.  Sensors  are 
used  for  capturing  the  signals  from  the  machine  tools 
or  processes  and  the  signals  are  processed  further  to 
establish  a  correlation  between  the  signal  and  condition 
of  the  machine  tool  or  the  process.  Off  late,  machine 
learning  classifiers  are  used  for  predicting  the 
conditions  of  the  machine  tool  or  process 
corresponding  to  the  input  signal  captured  from  the 
sensors. 

The  signal  obtained  from  the  sensors  contains  hidden 
useful  information  about  the  tool  condition.  For 
making  a  useful  decision  about  the  condition  of  the 
tool,  the  signal  has  to  be  processed  further  to  extract 
the  condition  of  the  tool.  The  raw  signal  captured  from 
the  process  has  to  be  filtered  from  the  external 
disturbances,  amplified  and  converted  into  digital  form 
in  the  pre-preprocessing  stage  for  further  processing  of 
the  signal. 

The  signals  from  the  metal  cutting  process  like 
grinding  are  nonlinear  and  non-stationary.  Signal 
processing  is  an  important  activity  in  tool  condition 
monitoring  using  sensor  information.  Condition 
observing  is  being  done  utilizing  the  data  content  as 
highlights  removed  from  the  sensor  signal.  Highlights 
are  extricated  in  time,  recurrence  and  time -recurrence 
space  and  further  examination  are  done  to  discover  the 
state  of  the  instrument.  Every  one  of  the  highlights 
removed  from  the  sign  doesn't  affect  the  state  of  the 
instrument.  Accordingly,  include  choice  must  be 
finished.  Techniques  like,  Decision  tree  calculations 
and  head  segment  examination  are  utilized  for 
choosing  the  highlights  which  have  high  data  riches 
identified  with  the  procedure. 

Chosen  highlights  are  given  as  a  contribution  to  the  AI 
classifiers  for  preparing  and  building  up  a  relationship 


between’ s  the  highlights  and  state  of  the  instrument.  AI 
classifiers,  for  example,  choice  trees,  fake  neural  nets, 
guileless  bayes,  bolster  vectors  machines,  fluffy 
systems  are  utilized  in  the  apparatus  condition 
monitoring  arena. 

1.3  Objective 

The  grinding  procedure  guarantees  super  surface 
completion  on  the  workpiece.  So  it  is  critical  to  ensure 
that  the  granulating  wheel  is  fit  as  a  fiddle  for  a 
superior  material  expulsion  rate. 

The  steady  utilization  of  the  pounding  wheel  prompts 
obstructing  of  the  pores  between  the  wheel's  grating 
grains.  This  influences  the  exhibition  of  the  wheel.  The 
sharpness  of  the  granulating  wheel  lessens  radically 
bringing  about  a  poor  surface  completion  of  the 
workpiece.  For  this  sharpness  incentive  to  be 
reestablished,  the  dressing  activity  should  be 
performed.  When  the  dressing  task  is  done,  the 
sharpness  and  the  productivity  of  the  crushing  wheel  is 
reestablished  to  its  underlying  state.  To  improve  the 
granulating  task,  it  is  basic  to  play  out  the  dressing 
activity  at  the  ideal  time.  Deciding  the  case  that  the 
dressing  procedure  must  be  practiced  (likewise  alluded 
to  as  the  finish  of  wheel  life)  is  as  yet  an  issue  without 
an  exact  arrangement  [3]. 

Along  these  lines,  it  is  critical  to  screen  the  granulating 
wheel.  Device  condition  checking  helps  in  finding  the 
flaws  all  through  the  procedure  without  really  intruding 
on  the  procedure.  Through  the  checking  procedure,  the 
data  in  regards  to  the  state  of  the  slicing  device  is  given 
to  the  administrator  to  planning  the  dressing  activity. 
This  checking  procedure  of  the  device  can  be  done 
utilizing  various  strategies.  The  effective  technique  is 
utilizing  AE  sensors.  The  primary  explanation  for 
picking  AE  sensors  is  that  it  is  anything  but  difficult  to 
introduce  and  further  more  the  scope  of  recurrence  that 
can  be  investigated  is  higher.  It  is  silent.  Accordingly, 
the  point  is  to  screen  the  state  of  the  device  surface 
through  virtual  instrumentation. 

II.  LITERATURE  SURVEY 

Sensor  picked  for  condition  observing  of  granulating 
ought  to  identify  the  adjustment  in  the  state  of  the 
crushing  wheel.  Dornfeld  et  al.  [4]  have  made  an 
itemized  investigation  of  various  sensors  and  their 
control  parameters  at  various  accuracy  levels. 
Appropriateness  of  AE  sensors  for  checking  and 
control  of  exactness  assembling  procedures  were 
explored  by  Lee  et  al.  [8].  Crushing  wheel  topology, 
pounding  wear  systems  were  considered  by  them 
utilizing  AE  sensors.  For  the  procedures  creating  little 
whole  chip  thickness,  AE  is  observed  to  be  touchy  in 
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identifying  crushing  wheel  wear.  Liao  et  al.  [9]  directed 
tests  in  a  surface  pounding  procedure  and  AE  sign  was 
caught. 

Utilizing  the  AE  wavelet  highlights,  HMM  model 
alongside  bunching  strategies  were  utilized  to  foresee 
the  pounding  wheel  conditions.  Liao  et  al.  [9]  ordered 
the  granulating  wheel  states  utilizing  AE  marks  as  'dull' 
and  'sharp'  with  various  metal  expulsion  rate 
conditions. 

Wavelet-based  highlights  were  extricated  from  the  AE 
mark,  and  hereditary  grouping  calculation  was  utilized 
for  condition  arrangement.  Granulating  wheel 
conditions  are  recognized  by  Liao  et  al.  [9]  utilizing 
boosting  calculations  specifically  AdaBoost  and  A- 
support. 

They  have  utilized  classifiers,  for  example,  choice 
trees,  gullible  Bayes  and  neural  nets  for  building  a 
gathering  calculation  for  accomplishing  higher 
grouping  precision. 

Highlight  choice  and  highlight  extraction  are 
significant  issues  in  a  condition  observing  the  issue. 
Liao  et  al.  [9]  examined  the  utilization  of  wavelet 
decay  for  highlight  extraction  and  subterranean  insect 
province  improvement  and  consecutive  forward 
coasting  determination  strategy  for  highlight  choice 
utilizing  the  AE  signature. 

The  adequacy  of  highlight  extraction  and  highlight 
determination  techniques  considered  in  their 
investigation  were  tried  utilizing  closest  mean  (NM),  k 
closest  neighbor,  fluffy  k  closest  neighbor,  focus  based 
closest  neighbor  and  k-implies  based  closest  model 
(KMNP)  classifiers. 

A  definite  study  has  been  finished  by  Roth  et  al.  [12] 
concentrating  on  apparatus  condition  observing  of 
different  metal  cutting  activities  including  pounding 
process.  Headways  in  sensor  innovation,  equipment 
improvement,  signal  handling  strategies,  and  highlight 
extraction  systems  were  examined  in  detail  in  their 
survey. 

The  moves  need  to  defeat  in  instrument  condition 
checking  is  additionally  talked  about  in  their  paper. 
The  significance  of  hardware  condition  checking 
frameworks  in  smart  assembling  situations  is  imagined 
in  their  examination. 

Dressing  activity  in  a  pounding  procedure  is  checked  to 
utilize  AE  signals  with  the  guide  of  Artificial  Neural 
Networks  by  Moia  et  al.  [15]. 

Factual  highlights  are  extricated  from  the  AE  sign,  and 
crushing  wheel  dresser  was  delegated  'dull'  and  ‘sharp'. 


For  a  centerless  granulating  process,  Dias  et  al.  [18] 
utilized  wavelet-based  examinations  utilizing  AE 
signature.  AE  recurrence  anger  was  set  up  for  the  event 
of  roundness,  cylindricity  and  surface  harshness.  Arun 
et  al.  [16]  checked  the  Cylindrical  pounding  utilizing 
AE  signature.  Different  highlights  of  AE,  for  example, 
adequacy,  ring-down  check,  normal  sign  level,  and  root 
mean  square  were  removed  in  time-space.  Granulating 
wheel  conditions  were  anticipated  utilizing  Al 
classifiers.  Bolster  vector  machines,  choice  trees  and 
ANNs  were  utilized  in  their  examination,  and  the 
outcomes  were  compared. 

III.  METHODOLOGY 

Grinding  is  one  of  the  most  important  secondary 
manufacturing  processes  which  helps  in  obtaining  the 
required  surface  finish  and  the  dimension. 

The  grinding  wheel  life  depends  on  the  condition  of 
abrasive  particles. 

During  the  crushing  procedure,  the  space  between  the 
grating  particles  get  stopped  up,  concealing  the  front 
lines  of  the  rough  particles  and  it  brings  about 
decreased  sharpness  of  the  granulating  wheel. 

Subsequently,  the  granulating  wheel  will,  in  general, 
lose  its  life. 

The  pounding  wheel  is  dressed  to  reestablish  the 
sharpness  of  the  wheel. 

The  dressing  task  evacuates  the  obstruct  between 
grating  particles  and  uncovered  the  bleeding  edges  of 
the  rough  particles.  This  reestablishes  the  cutting 
capacity  of  the  crushing  wheel. 

The  wheel  should  be  observed  ceaselessly  with  the  end 
goal  that  when  the  wheel  is  getting  exhausted,  it  should 
be  exposed  to  dressing  activity. 

The  observing  procedure  of  the  instrument  helps  in  the 
decrease  of  blunders  while  working.  In  this 
examination,  a  surface  crushing  wheel  is  picked  for 
condition  checking. 

The  state  of  the  pounding  wheel  is  checked  for  one 
complete  life  cycle  of  the  wheel. 

There  are  a  few  strategies  for  observing  the  state  of  the 
wheel.  Among  them,  AE  based  condition  checking  has 
been  increasingly  proficient.  The  primary  destinations 
proposed  in  this  task  work  are  given  asfollows: 

1.  To  design  and  fabricate  an  apparatus  to  measure 
the  sharpness  of  the  grinding  wheel. 

2.  To  identify  the  grinding  wheel  condition  using 
grinding  wear  plot. 
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3.  To  identify  dominant  AE  features  which  contains 
wealthy  information  about  the  grinding  wheel 
condition. 

4.  To  develop  a  statistical  model  using  Artificial 
neural  networks  and  fuzzy  logic  to  predict  the 
grinding  wheel  condition 

IV.DESIGN  AND  FABRICATION  OSHARPNESS 
MEASUREMENT  TEST  BENCH 

4. 1  Introduction 

The  sharpness  estimation  gadget  is  helpful  for 
evaluating  the  sharpness  of  rough  particles  in  the 
crushing  wheel. 

The  sharpness  of  the  crushing  wheel  decides  the 
granulating  wheel  conditions.  Crushing  wheel 
conditions  considered  in  this  examination  are  a)  Sharp, 
b)  Sharp-Intermediate  and  c)  Dull  -  Worn-out. 

The  granulating  wheels  are  exposed  to  dressing  activity 
at  whatever  point  the  pounding  wheel  ends  up  dull  and 
exhausted. 

It  is  significant  for  the  administrator  to  distinguish  the 
crushing  wheel  condition  to  subject  the  granulating 
wheel  for  dressing  activity. 

In  this  section,  plan,  and  creation  of  pounding  wheel 
sharpness  gadget  has  been  completed  to  distinguish 
crushing  wheel  conditions  in  an  auto-feed  surface 
granulating  process  with  Aluminium  Oxide  crushing 
wheel. 

Sharpness  measurement  apparatus  working  principle. 


4.2  Design  of  sharpness  measurement  test  bench 
In  light  of  the  sharpness  of  the  granulating  wheel,  the 
uprooting  because  of  the  typical  power  applied  by  the 
pounding  wheel  is  recorded  utilizing  a  transducer. 

The  removal  is  related  to  the  sharpness  of  the  crushing 
wheel  [5].  The  dislodging  or  the  all-out  profundity  of 
material  expulsion  is  estimated  and  is  plotted  against 
time.  The  incline  from  the  dislodging  time  chart  is 
utilized  to  ascertain  the  granulating  wheel  sharpness. 


4.3  Modelling  of  the  test  bench 

The  sharpness  measurement  device  has  been  modeled 
using  the  ‘SolidWorks’  considering  all  the  design 
requirements  of  the  test  bench.  3D  View  of  the  Test 
bench  is  shown  in  Figure  4.2.  The  part  drawings  of  the 
device  are  shown  in  figures  4.3  to  4.7. 


Figure  4.4  shaft 
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Figure  4.6  Base 


4.4  Analysis  of  test  bench 

For  validating  the  design  of  the  test  bench,  Finite 
Element  Modelling  has  been  supported  out  using 
Ansys  Workbench.  The  3-D  model  was  converted  into 
IGES  format  for  conducting  the  analysis  using  Ansys. 
Static  structural  analysis  was  carried  out  for  the 
Displacement  bar  by  considering  the  base  as  a  fixed 
member  and  the  bearings  as  a  re  volute  joint.  The  finite 
element  model  of  the  total  assembly  is  shown  in  Figure 
4.10. 


,  _  J 

Figure  4.7  Sharpness  measurement  test  bench  analysis 

V.  AE  EXPERIMENTAL  SETUP 

An  experimental  set-up  was  established  to  relate  the 
grinding  wheel  conditions  to  features  of  AE  signature. 
The  experimental  set-up  consisting  of  surface  grinding 
machine,  AE  sensor,  AE  sensor  attachment,  pre¬ 
amplifier,  data  acquisition  system,  data  acquisition,  and 
analysis  software  and  related  hardware  for  processing 
of  the  signal.  The  experimental  set-up  used  in  this 
study. 


Grinding  wheel 


AE  sensor  attached 
to  the  workpiece 


Pre-Amplifier 

Signal  processing 
hoard,  AE  win 
software.  Machine 
learning  classifier 


Figure  5.1  Experimental  set-up  for  grinding  wheel 
condition  monitoring 


AE  sensor  (Micro  30D)  with  150-400  kHz  operating 
frequency  supplied  by  Physical  Acoustic  Corporation, 
USA  is  used  in  this  education  for  AE  signal 
acquisition.  Investigations  were  carried  out  to  locate 
the  AE  sensor  for  capturing  the  AE  signals  during  the 
grinding  process.  For  capturing  AE  signal  from  the 
grinding  wheel,  an  AE  sensor  was  attached  directly  on 
the  workpiece  using  an  adhesive.  The  originated  AE 
waves  are  sensed  and  captured  by  the  AE  sensor 
directly  from  the  workpiece.  An  experimental  setup 
was  established  to  acquire  AE  signature.  The 
experimental  conditions,  machine  specifications,  AE 
sensor  details  are  presented  in  this  chapter.  For  the 
entire  grinding,  cycle  starting  from  good  condition  to 
worn-out  condition  AE  signature  is  acquired. 

VI.  GRINDING  WHEEL  WEAR  CYCLE  PLOT 

6.1  Introduction 

Grinding  wheel  wear  cycle  plot  is  built  up  to  recognize 
the  various  states  of  the  pounding  wheel.  The  system 
and  approach  are  portrayed  in  this  section.  The 
crushing  wheel  wear  and  the  workpiece  wear  are 
observed  at  various  interims  of  time.  The  wear 
information  is  utilized  for  plotting  the  pounding  wheel 
wear  cycle  plot. 

6.2  Grinding  wheel  lifecycle 

Experiments  are  done  in  a  surface  pounding  machine 
utilizing  new  Aluminium  oxide(A1203)  crushing  wheel 
with  the  gentle  steel  workpiece.  Granulating  was 
completed  by  fixing  profundity  of  the  cut  as  0.05  mm, 
crushing  wheel  speed  as  2900  rpm  and  feed  rate  of  0.5 
mm/rev  for  the  whole  pounding  cycle  beginning  from 
the  new  crushing  wheel  until  the  crushing  wheel  ends 
up  exhausted.  The  investigation  is  centered  around  the 
material  evacuation  rate  of  the  workpiece  and  the 
crushing  wheel  on  the  grounds  that  the  material 
expulsion  rate  by  implication  impacts  the  state  of  the 
wheel.  For  each  go  of  the  crushing  wheel  over  the 
gentle  steel  obstruct,  the  granulating  haggle  mellow 
steel  square  is  gauged.  The  existence  cycle  bend  of  the 
wheel  depends  on  the  material  evacuation  rate  of  the 
haggle  workpiece.  The  plot  is  drawn  for  material 
expulsion  (in  grams)  of  the  gentle  steel  hinder  on  the  x- 
pivot  against  the  material  evacuation  (in  grams)  of  the 
granulating  wheel  on  the  y-hub. 

The  wear  cycle  plot  is  then  part  into  three  zones,  in 
particular,  Sharp-introductory,  Sharp-middle  of  the 
road  and  Dull  destroyed  conditions.  In  light  of  the 
sharpness,  worth  got  from  the  count,  the  wheel  is 
characterized  to  the  particular  zone.  Higher  the 
sharpness  estimation  of  the  wheel,  it  very  well  may  be 
mapped  to  the  main  zone  i.e,  Sharp -starting  condition. 
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Similarly,  for  various  sharpness  esteems  acquired,  it 
very  well  may  be  mapped  to  their  separate  zones  which 
in  a  roundabout  way  tells  about  the  state  of  the 
pounding  wheel.  Crushing  wheel  life  plot  for  one 
granulating  cycle  has  appeared.  Toward  the  finish  of 
each  cycle,  dressing  task  should  be  completed  to 
improve  the  crushing  capacity  by  honing  the  grating 
particles  and  expelling  the  stopped  up  molecule  in  the 
outside  of  the  pounding  wheel. 

6.3  Grinding  wheel  conditions 

There  were  three  particular  pounding  wheel  conditions 
are  seen  from  the  crushing  wheel  life  plot,  i.e.,  A-B,  B- 
C,  C-D.  In  the  first  zone, i.e,  A-B  zone,  it  is  seen  that  at 
first  there  was  a  high  material  evacuation  rate  showing 
that  the  crushing  wheel  is  new  and  sharp.  So  this  zone 
is  Sharp-introductory  condition.  After  this,  the  material 
expels  rate  was  relentless  and  consistently  expanding. 
This  showed  the  crushing  wheel  is  in  its  transitional 
state  however  it  hasn't  lost  its  abrasiveness  yet.  This 
zone  is  Sharp-middle  of  the  road  condition.  Following 
a  couple  of  minutes,  there  was  an  unexpected  change  in 
the  material  evacuation  rate  [6].  The  crushing  wheel 
had  an  unexpected  increment  in  the  material 
evacuation.  The  gentle  steel  square's  material 
evacuation  was  not  as  high  as  that  of  the  granulating 
wheel.  This  infers  the  granulating  wheel  did  not  expel 
much  material  from  the  workpiece.  This  can  possibly 
happen  when  the  rough  particles  in  the  workpiece  lose 
its  sharpness  and  get  obstructed.  With  this,  it  tends  to 
be  inferred  that  the  granulating  wheel  has  destroyed  to 
such  an  extent  that  it  expels  less  material.  It  implies  the 
pounding  wheel  needs  to  go  for  a  dressing  task.  For 
foreseeing  the  granulating  wheel  condition,  AE  marks 
were  obtained  in  each  of  the  three  conditions,  i.e., 
'sharp  -  starting,  (A-B)',  'sharp-middle  of  the  road,  (B- 
C)'  and  'dull,  (C-D)'.  Highlights  of  AE  marks  were 
removed  in  the  time-space.  The  highlights  containing 
sound  data  of  the  apparatus  conditions  were  chosen[7]. 
Counterfeit  Neural  Network  AI  classifier  is  utilized  in 
this  examination  for  building  up  a  connection  between 
the  instrument  condition  and  AE  highlights. 

VII.  AE  DATA  ACQUISITION  AND  FEATURE 
EXTRACTION 

Acoustic  emission  (AE)  is  the  spectacle  of  emission 
of  acoustic  waves  in  solids  when  a  material  endures 
permanent  changes  in  its  structure.  The  stress  stored 
in  the  material  during  elastic  deformation  is  released 
as  an  acoustic  wave.  The  frequency  of  acoustic  wave 
vary  from  1  kHz  to  100  MHz.  A  piezoelectric  sensor 
is  used  to  capture  the  AE  waves.  The  captured  signal 
is  sent  through  a  preamplifier.  Further,  the  signal  is 
processed  using  AEWIN  software  to  extract  the 


statistical  features  of  the  AE  signal.  Dominant 
features  are  selected  by  plotting  the  features  in  time- 
domain.  The  plots  are  compared  with  the  wear  of 
grinding  wheel  cycle  and  the  features  that  correlate 
most  with  the  wear  cycle  are  selected  as  the  dominant 
features.  These  features  are  given  as  input  to  the  ANN 
model.  The  model  is  trained  to  correlate  the  AE 
features  to  the  grinding  wheel  condition. 

AE  Data  acquisition 

AE  sensor  is  fixed  on  the  workpiece  to  recognize  the 
AE  sign  produced  during  the  crushing  procedure.  AE 
is  caught  by  an  AE  sensor  and  it's  working  recurrence 
is  in  the  request  150  kHz  to  400  kHz.  The  AE  mark 
will  shift  as  per  the  state  of  the  crushing  wheel.  AE 
highlights  are  removed  and  sign  preparing  is 
completed  to  foresee  the  state  of  the  pounding  wheel 
[8].  AE  sign  was  caught  with  an  inspecting  rate  of 
1MSPS. 

AE  sign  is  enhanced  utilizing  a  pre-intensifier  with 
the  addition  of  60dB.  Sign  handling  board  with 
AEWIN  programming  provided  by  M/s  Mitra's 
Corporation,  USA  is  utilized  in  this  examination. 
Highlight  choice  is  done  and  prepared  utilizing  AI 
classifiers.  Prepared  model  is  utilized  for  foreseeing 
the  crushing  wheel  conditions.  AE  highlights,  for 
example,  Rise-time,  Count,  Duration,  RMS,  and  ASL 
highlights  were  extricated  and  prepared  further 
utilizing  AI  classifiers  [17]. 

VIII.  MULTI-LAYER  PERCEPTRON  FOR 
GRINDING  WHEEL  CONDITION 
CLASSIFICATION 

Artificial  Neural  Networks  are  modelled  based  on 
biological  neurons.  The  inputs  ‘XU,  ‘X2’...,  ‘Xn’  are 
processed  inside  the  neuron  and  the  output  ‘Y’  is 
obtained.  The  number  of  neurons  in  the  human  brain  is 
approximately  100  billion. 

They  are  massively  arranged  in  parallel  and  decision 
are  taken  by  processing  the  input  data.  Artificial  Neural 
Networks  are  operated  by  simulating  the  biological 
neural  structure.  Every  neuron  receives  ‘n  ’  inputs. 

Each  input  ‘Xi’  is  weighted  by  multiplying  it  with  a 
weight  ‘wi\  The  net  activation  of  the  neuron  is 
computed  by  the  product  of  weight  and  input 
information,  ‘wi  x  xi’.  The  activated  value  is 
normalized  using  a  function  called  ‘Transfer  function’. 
The  value  obtained  from  the  transfer  function  is  the 
output  of  the  neuron.  Every  neuron  is  interconnected 
by  a  weight  value  ‘wi’,  ‘i’  and  ‘j ’  represents  neurons 
and  the  information  content  between  ‘i’  and  ‘j’  are 
assigned  with  the  weight  ‘wy  ’. 
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Transfer  functions  used  in  ANN 

Various  transfer  functions  used  in  ANN  includes  a) 
Step  function,  b)  Signum  function  c)  Sigmoid  function 
and  d)  Hyperbolic  tangent  function. 

In  the  step  function,  the  output  from  the  transfer 
function  will  be  either  4 1’  or  ‘O’  based  on  the  threshold 
value  as  shown  in  the  Eq  5.1.  The  parameter  ‘T’ 
represents  the  threshold  value.  When  the  Threshold, 
‘T”  =0,  is  known  as  ‘Signum’  function.  A  variant  of  a 
Signum  function  is  shown  in  the  Eq  (8.2) 


[  0  if  activation .  <  T 
output.  -  \ 

i  [1  f  activation.  >  T  (Equ  8  1} 


1  if  activation i  >  0 
0  if  activation i  =  0 
-1  if  activationi  <0(Equ.8.2) 


output ,  = 


A  ‘Sigmoid’  transfer  function  produces  a  continuous 
value  in  the  range  (0,1).  The  output  of  the  ‘Sigmoid’ 
transfer  function  is  shown  in  Eq  8.3.  In  this  study  tool 
condition  classification  problem  [10],  Sigmoidal 
transfer  function  is  used. 


outputi 


1 


-gain .  activation , 


1  +  e 

IX.  CLASSIFICATION  OF  GRINDING  WHEEL 
CONDITION  USING  NEURO-FUZZY  MODEL 

9. 1  Introduction 

Neuro-fluffy  is  a  framework  that  consolidates  the 
normal  thinking  style  of  fluffy  frameworks  with  the 
learning  and  complicated  structures  of  the  neural 
system.  Neuro-fluffy  hybridization  is  broadly  named  as 
the  fluffy  neural  system  (FNN)  or  neuro-fluffy 
framework  (NFS)  in  the  writing.  A  neuro-fluffy 
framework  can  be  seen  as  a  3 -layer  feed-forward  neural 
system  where  the  principal  layer  is  input  factors,  the 
center  (shrouded)  layer  is  fluffy  guidelines  and  the 
third  layer  is  yield  factors.  Fluffy  sets  are  encoded  as 
loads.  The  neuro-fluffy  framework  plays  out  the 
thinking  of  fluffy  frameworks  using  fluffy  sets  and  a 
model  comprising  of  a  lot  of  IF-THEN  fluffy 
standards. 

9.2  Types  ofNeuro-Fuzzy  systems 

The  combination  of  techniques  of  Neural  networks  and 
Fuzzy  system  can  be  called  the  Neuro-Fuzzy  system. 
There  are  many  combinations  for  this  Neuro-Fuzzy 
systems  namely  Concurrent  systems,  Cooperative 
system,  and  Hybrid  systems. 


Out  of  these  the  most  commonly  used  Neuro-Fuzzy 
model  is  the  Hybrid  Neuro-Fuzzy  model. 

In  this  study,  the  ANFIS  hybrid  model  is  used.  A 
hybrid  neuro-fuzzy  system  is  a  fuzzy  system  that  uses  a 
learning  algorithm  based  on  weights  inspired  by  the 
neural  networks  theory  to  determine  its  parameters 
(fuzzy  sets  and  fuzzy  rules)  through  the  processing  of 
the  pattern  (input  and  output). 

This  hybrid  neuro-fuzzy  model  consists  of  so  many 
architectures  namely  ANFIS,  FALCON,  GARIC,  etc., 
the  ANFIS  model  was  chosen  for  this  study. 

ANFIS  architecture  uses  the  back  propagation 
algorithm.  Using  the  algorithm,  the  membership 
functions  parameters  are  determined  for  the  input. 

9.3  ANFIS  model 

The  Adaptive  Network-based  Fuzzy  Inference  System 
(ANFIS)  implements  a  Takagi  Sugeno  fuzzy  inference 
system.  It  has  five  layers.  The  first  hidden  layer  does 
the  mapping  of  the  input  variable  relative  to  each 
membership  functions. 

The  antecedents  of  the  rules  are  calculated  by  applying 
T-norm  to  the  second  hidden  layer. 

The  rule  strengths  are  normalized  by  the  third  hidden 
layer  and  the  consequents  of  the  rules  are  determined 
by  the  fourth  hidden  layer.  The  global  output  is 
calculated  at  the  output  layer  by  the  summation  of  all 
the  signal  that  arrives  at  this  layer  [16].  The  input 
membership  function  parameters  are  determined  by 
back  propagation  methods  and  the  consequents 
parameters  are  determined  by  the  least  mean  square 
method.  Each  step  of  the  iterative  learning  algorithm 
has  two  parts  [18].  In  the  initial  segment,  the  info 
examples  are  spread,  and  the  parameters  of  the 
consequents  are  determined  to  utilize  the  iterative  least 
squared  technique  calculation,  while  the  parameters  of 
the  premises  are  viewed  as  fixed.  In  the  subsequent 
part,  the  information  examples  will  be  engendered  once 
more,  and  in  every  emphasis,  the  learning  calculation 
back  propagation  is  utilized  to  change  the  parameters 
of  the  premises,  while  the  consequents  stay  fixed. 

X.  RESULTS  AND  DISCUSSION 
10.1  Design  and  fabrication  of  sharpness  measurement 
test  bench 

In  automatic  manufacturing  environments,  tool 
condition  monitoring  is  vital  to  take  the  decision 
without  manual  intervention.  The  sharpness 
measurement  device  developed  in  this  study  will  be 
useful  in  automated  environments  to  identify  the 
grinding  wheel  conditions  without  human  intervention. 


All  rights  are  reserved  by  UIJRT.COM. 


7 


UIJRT I  United  International  Journal  for  Research  &  Technology  I  Volume  01,  Issue  01,  2019 


At  present  according  to  as  far  as  anyone  is  concerned, 
there  is  no  business  item  used  to  quantify  the  sharpness 
of  the  granulating  wheel.  This  gadget  will  be  valuable 
for  the  leaders  to  settle  on  oppressing  the  exhausted 
crushing  wheel  for  dressing  process  The  experimental 
study  currently  measures  the  sharpness  of  the  grinding 
wheel  under  different  conditions  of  the  grinding  wheel 
made  of  Aluminium  Oxide[ll].  The  same  procedure 
and  methodology  are  also  used  for  different  grinding 
wheel  materials  to  evaluate  its  sharpness.  The 
sharpness  measurement  is  also  useful  to  identify  the 
grinding  wheel  conditions.  This  also  verified  using 
grinding  wheel  wear  plot.  The  sharpness  measured  for 
sharp,  intermediate  and  worn-out  Aluminium  Oxide 
grinding. 

10.2  Grinding  wheel  wear  cycle 

Crushing  wheel  wear  cycle  is  plotted  by  estimating  the 
wear  of  workpiece  and  pounding  wheel  at  different 
interims  of  time.  From  the  plot,  it  is  conceivable  to 
distinguish  the  various  states  of  the  pounding  wheel. 
The  granulating  wear  plot  will  give  the  life  of  the 
pounding  haggle  gives  data  about  when  the  crushing 
wheel  must  be  dressed.  The  crushing  wheel  conditions 
recognized  from  the  wear  plot  is  additionally  approved 
utilizing  the  granulating  wheel  sharpness  information. 

10.3  Grinding  wheel  condition  prediction  using  ANN 
For  exactness  machining  forms  AE  is  observed  to  have 
a  great  relationship  with  device  conditions  contrasted 
with  vibration  and  power  sensors.  In  the  crushing 
procedure,  AE  highlights,  for  example,  RMS  and 
Energy  can  anticipate  the  granulating  wheel  conditions 
with  great  precision  [13].  Feedforward  back- 
engendering  ANN  classifier  is  utilized  in  this 
examination  for  building  up  a  measurable  classifier. 
ANN  can  foresee  the  crushing  wheel  conditions  with 
sensible  exactness.  Misclassifications  in  ANN  is 
because  of  information  accumulated  from  the  change 
districts  of  the  instrument  conditions.  The  arrangement 
precision  in  ANN  can  be  improved  by  removing 
highlights  in  the  time -recurrence  space.  Wavelet 
coefficients  can  be  extricated  by  decaying  the  time  area 
signals  [20]. 

10.4  Grinding  wheel  condition  forecast  utilizing  Fuzzy 
and  neuro-flujfy 

Fluffy  frameworks  are  observed  to  be  the  best  for  mix 
into  online  instrument  condition  checking.  Mamdani 
technique  is  utilized  in  this  investigation  for  building 
up  a  fluffy  model  with  2  information  sources  and  1 
yield.  The  Gaussian  capacity  was  chosen  as  the 
enrollment  capacities  for  both  the  information  sources 
and  yield.  The  proposed  model  anticipated  the  crushing 
wheel  conditions  with  a  precision  of  98.5%.  The 


Neuro-fluffy  tool  compartment  was  used  to  build  up  a 
Sugeno  fluffy  model. 

In  this  technique,  fluffy  standards  are  characterized 
consequently  by  preparing  the  information.  ANFIS 
model  proposed  in  this  investigation  is  increasingly 
exact  due  to  its  capacity  to  build  up  a  participation 
work,  characterize  the  fluffy  principles  from  a  variety 
of  info  esteems  and  inclination  to  diminish  the  blunders 
by  back  propagation. 

The  trapezoidal  capacity  for  the  information  parameters 
brought  about  a  model  with  a  minimal  blunder  of  1.507 
%.  The  fluffy  and  neuro-fluffy  models  are  executed  in 
MATLAB  stage  [14]. 

XI.  CONCLUSIONS 

In  this  project  work,  grinding  wheel  conditions  are 
predicted  using  machine  learning  classifiers. 

Following  conclusions  are  made  from  this  study. 

1 .  Sharpness  measurement  device  has  been  designed 
and  fabricated  for  measuring  the  sharpness  of  the 
grinding  wheel  and  to  identify  grinding  wheel 
conditions  for  dressing  operations. 

2.  Grinding  wheel  wear  plot  was  constructed  to 
identify  grinding  wheel  conditions  for  developing 
statistical  models  for  grinding  wheel  condition 
prediction. 

3.  AE  Signatures  were  captured  from  the  surface 
grinding  process  and  dominant  features  were 
selected. 

4.  RMS  and  Energy  AE  features  are  found  to  have  a 
good  correlation  with  the  grinding  wheel  wear 
mechanism. 

5.  Statistical  models  using  ANN  was  developed. 

6.  ANN  is  able  to  predict  the  grinding  wheel 
condition  with  an  accuracy  of  92% 

7.  Fuzzy  model  using  the  Mamdani  method  and 
Neuro-fuzzy  model  (ANFIS)  was  developed  was 
developed  and  used  for  predicting  the  grinding 
wheel  conditions  using  RMS  and  Energy  AE 
features.  Mamdani  and  ANFIS  models  classify 
the  grinding  wheel  conditions  with  an  accuracy  of 
98%. 

8.  Misclassifications  are  due  to  AE  data  captured  in 
the  transition  range  of  the  grinding  wheel 
conditions. 

9.  Further,  the  planned  methodology  and  data 
generated  in  the  study  will  be  useful  for 
developing  a  real-time  grinding  wheel  monitoring 
system.  In  the  present  study,  AE  features  are 
extracted  in  the  time  domain.  For  improving  the 
classification  accuracy,  machine  learning 
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algorithms  can  be  trained  with  features  extracted 
from  frequency  and  time-frequency  domain. 
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